Background: Implantable cardioverter-defibrillators (ICDs) cannot prevent death from progressive heart failure or non-cardiac disease. Patients with ICDs may receive defibrillation therapy from their devices in the last days of their lives, when such therapy does not accord with the goal of palliative treatment, but rather lowers these patients' quality of life and compromises their dignity.
Case study
In June 2009 a 67-year-old man was fitted with a defibrillator when a biventricular pacemaker was implanted (cardiac resynchronization therapy, or CRT-D) (see Glossary). He was suffering from NYHA Class II-III heart failure caused by nonischemic cardiomyopathy. His left ventricular function was considerably compromised, with an ejection fraction of 25% to 30%, and he had a complete left bundle branch block. Despite anticongestive drug treatment and technically functional biventricular stimulation, his heart failure continued to worsen. Six months after implantation it was recognized that the patient belonged to the small group of nonresponders, i.e. patients who are not helped by CRT (8, 9) . The next treatment option selected was palliative treatment involving care at home in communication with the hospital. Despite good home care, during the winter of 2009/2010 the patient had to be admitted to the hospital several times. Each time he was cared for in a palliative care unit, where he was treated for anxiety attacks (caused by paroxysmal dyspnea) in particular. At this time his heart failure was described as NYHA Class III-IV. In early February he was readmitted to the palliative care unit and a decision was made to end drug-based treatment for his heart failure. He now received only palliative treatment. At the same time, morphine treatment was begun. In October 2009 his treating physician had already recorded in his electronic medical records that the patient should not be resuscitated in the event of cardiac arrest. In conversation with the palliative care physician, the patient himself now reported a feeling of security, which in his opinion was connected with the ICD. The physician observed at this time that the existence of the defibrillator represented an "ethical dilemma." On the day before the patient's death in February 2010 the cardiology hospital was consulted, with the request to deactivate the ICD, because the patient had received shock therapy induced by the device several times in a short period. In the opinion of both the patient's wife and the nursing staff who were present, the shocks were considerably stressful. At this point the patient was somnolent and moribund. The staff recorded in the patient's electronic medical records that ICD treatment had been "unethical" and had disrupted the patient's dignified, peaceful death. The patient died the day after his ICD had been deactivated.
Medical issues
One medical aspect of this case which may seem trivial but is worth mentioning from the outset is that all patients, including those with an ICD will die eventually. The annual mortality rate of patients with ICDs varies depending on the underlying disease. In one US registry study, it was between 11.3% and 16.8% (8) . Most ICD patients die of heart failure. Noncardiac causes of death such as cancer do, however, occur. A patient with an ICD may die just a few months after the defibrillator is implanted, but may live for more than 20 years, with several changes of device. Relevant medical guidelines state that ICD implantation is only indicated if the patient has a good prognosis when the ICD is fitted, apart from the risk of sudden cardiac death, and that his/her statistical life expectancy is at least one year (2) . As the case study illustrates, it is impossible to determine a patient's prognosis reliably, partly because of the epistemological status of prognosis (10) . Uncertainty of prognosis is a particular problem when a patient with severe or very severe heart failure (NYHA Class III-IV) is fitted with a combined pacemaker for biventricular stimulation and defibrillation (a CRT defibrillator) and continues to deteriorate, i.e. is a nonresponder (9), developing terminal, treatment-refractory pump weakness.
By no means do all ICD patients receive shock therapy despite active treatment functions while moribund, because ventricular arrhythmia does not necessarily occur while patients are moribund. In a summary of deceased ICD patients, it was found that 15 of 55 (27%) had received appropriate shock therapy in the last phase of their lives, one further patient (2%) had received inappropriate shocks, and for the remaining 39 of the 55 patients (71%) neither ventricular arrhythmia nor shock therapy was recorded (Goldenberg I, Moss AJ, McNitt S, Zareba W, Andrews ML: Defibrillator discharge at the time of terminal events in Madit-II. HRS annual meeting 2007, abstract AB 14-6, www.abstracts2view. com/ hrs/view.php?nu=HRS7L_20075088). If an ICD also acts in the event of non-life-threatening tachycardia, e.g. with high ventricular rate as a result of atrial fibrillation, treatment is described as inadequate. If appropriate shocks are given as a result of ventricular tachycardia or ventricular fibrillation, the ICD has provided appropriate treatment. A further study from US hospices reports that 64% of ICD patients received shock therapy during the last phase of their lives, or even after death (5).
Medical ethics
It might initially be assumed that an ICD or pacemaker is no different from other hi-tech medical treatments or aids in terms of the ethical discussion surrounding their deactivation. Respect for patients' self-determination, which is becoming more and more strongly enshrined in law (e.g. in Germany with the 2009 act that introduced the third change to the law on care), includes a patient's right to refuse treatment (Box). If a patient dies after the end of a treatment that is no longer indicated, death is considered to be the result of the underlying disease and not of treatment provided by the physician. The increasingly common argument that deactivating a hi-tech medical aid is "passive assistance in dying," or even that switching off a device is "active assistance in dying" because of the nature of treatment, is ethically incorrect in the precisely defined situation described above. Physicians' and patients' assessments of active and passive treatments are often dominated by great uncertainty. This can lead to disputes in determining the aim of treatment, though ethically such controversy is often unfounded (11-15, e4-e8). In daily clinical practice, for example, the end of mechanical ventilation or dialysis treatment is a subject of ethical discussion. Numerous studies show that it is not unusual for physicians and lawyers to differ from each other in where they define the boundary between ending lifesustaining treatment, which is permitted, and euthanasia or even assisted suicide, which are not permitted (11-15, e9-e14) . Implanted defibrillators and pacemakers are different from other hi-tech medical aids such as ventilation or dialysis machines because they are implanted into the patient's body. The term "integral device" (11) was introduced to describe these devices, though naturally this did not lead to any automatic improvement in the clarity of ethical discussions.
Thus, in medical ethics literature it is often asked what distinguishes an external ventilation machine, implanted pacemaker, or ICD from a transplanted heart. The terms "replacement therapy" and "substitutive therapy" were introduced into the literature in order to provide more precise definitions (12) . If an item functions as part of the body and completely replaces a physiological function, it can be described as "replacement therapy." This means that a transplanted heart or a transplanted kidney is replacement therapy, whereas the use of a ventilation machine must be classified as "substitutive therapy." Different rules apply to ending these two types of therapy. Nobody would describe the "deactivation" of a transplanted heart via BOX
Selected legal issues
So far as can be ascertained, there have been no court decisions to date that have dealt specifically with the deactivation of an implantable cardioverter-defibrillator (ICD) from the point of view of criminal law. What follows should therefore be interpreted as the authors' own judgments and assessments based on (German) criminal law. They are based partly on high court rulings in comparable cases.
ICD deactivation by a physician as part of medical treatment is a form of "discontinuation of treatment" to be judged according to criminal law if it causes the death of the patient. Such discontinuation of treatment is only permissible if it is in line with the patient's wishes. Germany's Federal Court of Justice confirmed this in a 2010 landmark ruling (e18). The cornerstone of assessment according to criminal law in such cases is the question of whether the patient has truly given consent. There are various types of consent. The strongest, and for physicians the safest, form is specific consent given by a patient who has the capacity to decide for himself/herself that the ICD should be deactivated. Such consent assumes the following:
• The patient must have the capacity to give consent.
• The decision must be free of any defects. This requires the provision of appropriate medical information to enable the patient to fully understand the consequences of his/her decision.
• Consent must be expressed explicitly or implicitly and must cover deactivation of the ICD in a particular situation .
• Applying the standards of a new ruling by the German Federal Court of Justice, deactivation of the ICD must aim to "result in or restore a condition that allows a disease already present to take its course, whereby although suffering may be alleviated the disease is not or is no longer treated, leading ultimately to the patient being allowed to die." Only if this requirement is met can consent be used to justify ICD deactivation (compare Federal Court of Justice, Ruling of June 25, 2010, 2 Criminal Verdict 454/09).
• Consent must be expressed before the ICD is deactivated.
As a safeguard and to provide proof of consent, it should be documented that the patient was informed and subsequently gave consent for discontinuation of treatment.
If the patient is unconscious or unable to respond for a long period of time, it must be verified whether the patient has a living will that covers ICD deactivation (cf. § §1901a et seq., German Civil Code). If the patient does not have a living will or if his/ her living will does not cover the current status of the patient's life and treatment, the presumed wishes of the patient must be established ( §1901a II, German Civil Code). The procedure for deciding whether a patient's living will covers ICD deactivation and establishing the patient's presumed wishes must follow § §1901a et seq. of the German Civil Code, in order to avoid the risk of criminal prosecution. This requires, for example, discussion of the medically indicated interventions between physician and carer/authorized representative, taking into account the patient's wishes established beforehand ( §1901b, German Civil Code).
In the authors' opinion, there can be no question of unilateral ICD deactivation that leads to death and is not based on the patient's wishes. If a patient who still has the capacity to make decisions and has been appropriately informed wishes for his/ her ICD to remain activated, this wish must be respected even if it is medically questionable. In light of the individual's right to self-determination and physical integrity, there is a difference between ICD deactivation that is unwanted by a patient and administration of treatment that can have no medical benefit, to which the patient is not entitled.
In brief, it is recommended that ICD deactivation that would lead to death should be guided by legal advice, as it may give rise to detailed questions that are difficult to answer and cannot be discussed comprehensively here.
intravenous administration of a fatal dose of potassium as anything other than active killing, whereas switching off a ventilation machine or ending dialysis treatment must be regarded as medically and ethically justifiable in certain cases. An item classified as substitutive therapy has not become part of the patient's body; this excludes integrated devices like pacemakers or ICDs. Discussion is still ongoing as to how pacemakers and defibrillators should be classified: as replacement therapy or substitutive therapy (11, 12) . However, there does seem to be extensive agreement that the deactivation of a pacemaker in a pacemaker-dependent patient is fundamentally different from the deactivation of the antitachycardia functions of an ICD (6, 7, (13) (14) (15) . In the former case, the intervention leads to the patient's death within a short time, while in the latter only a risk-reducing treatment is deactivated (14) . The differences between the two interventions described above, from the point of view of medical ethics, are questioned by some authors, who state that only the patient's wishes should be the basis for this kind of ethical judgment, not an artificial difference between forms of treatment (14) . However, this point of view overlooks the objections to an idealized concept of patient autonomy that have recently been discussed at length. These objections concern the fact that the concept of autonomous patient wishes is based on an ideal of rational decision-making that has never occurred in real life and is advocated from an individualistic point of view (in other words without sufficiently taking into account other persons who may be significant) and also disregards the fact that the person making the decision is dependent, when making decisions, on his/her body in a specific way (embodiment). Because a patient can come to feel that an ICD is a part of his/her body and so becomes part of his/her sense of self, the last point of this criticism is particularly relevant and should not be passed over. It is therefore also unsurprising if these authors consider the cause of the patient's death to be the underlying disease, e.g. third-degree AV block with no escape rhythm, rather than the deactivation of the pacemaker, for pacemaker-dependent patients. Deactivation of an "integral device" is not legally considered to be the cause of death (14) . There is usually more than one possible answer to these questions, which have been discussed only briefly here. Generally there are several possible answers, depending, in particular, on the socially and culturally contingent values of patients, doctors, and others involved in health care, and also on norms that have become law in various countries. The published guidelines therefore also stress that detailed, individual discussion with the patient must always take place and must be recorded before an ICD can be deactivated. The physician's freedom of conscience is also discussed: physicians may not want to deactivate an ICD, e.g. for religious reasons, but should refer a patient who wants his/her ICD to be deactivated to another physician (6, 7) . A consensus document of this type, in Europe multinational (6) and in the USA covering several states (7), must be Figure: Extract from an ICD readout, showing ventricular tachycardia (VT) with a cycle length of 310 ms (heart rate 194 bpm). Several attempts to resolve this using antitachycardia pacing have failed (not shown); defibrillation resolves the tachycardia. After several slow cycles, there is a regular sinus rhythm with a cycle length of 525 ms (heart rate 114 bpm) adapted to national and state behaviors and legal systems. However, regardless of national law, the deactivation of an ICD against the patient's will or against the will of the patient's representative or carer, or even unilateral (paternalistic) deactivation, may be ruled out (6, 7) . In this context the boundary between a DNR (do not resuscitate) order in cases with no hope of recovery and the switching off of an ICD as a device integrated into the patient's body must be discussed (6, 7): The decisive factor is that the patient is not entitled to demand an intervention that can have no medical benefit but is-according to prevailing opinion (6, 7)-entitled to refuse to allow his/her ICD to be deactivated.
Empirical ethical research shows that patients' and physicians' judgments do not always accord with the considerations of professional ethics (16-22, e15-e16) . Patients also tend to overestimate the potential of an ICD in preventing death, so it is not uncommon for them to view consent for ICD deactivation as an act of suicide (20, e9) . Most patients are hesitant to accept ICD deactivation, even when death from another cause is not far away (17) . Physicians are equally disinclined to discuss this subject with their patients (18, e17) .
Practical issues
An ICD can provide both multiple kinds of antitachycardia treatment and antibradycardia stimulation (see Box, Glossary). Antitachycardia treatments that are automatically included are defibrillation (shock therapy) (see Figure) and antitachycardia pacing (ATP). The latter is not usually felt by the patient, whereas a defibrillation shock is both felt by patients and visible to others. The defibrillation function can be deactivated in isolation from the ATP function, which in rare cases (an estimated 2% to 4%) can lead to an acceleration of ventricular tachycardia and even ventricular fibrillation. It is claimed that if the defibrillation function alone has been deactivated there is no longer any therapy available to treat this ventricular fibrillation, and the patient will die. Selective deactivation of the shock function can therefore cause the death of the patient in certain cases, if ATP causes an acceleration of tachyarrhythmia. On the other hand, deactivating both antitachycardia functions of an ICD, defibrillation and ATP, might cause progression of stable ventricular tachycardia that could easily be treated with ATP, leading to a drop in the patient's blood pressure. This would significantly decrease quality of life in the last days before the patient's death. The same is true of ending antibradycardia treatment in patients who are not pacemakerdependent. However, in those with a great need for pacing this would also substantially decrease quality of life, though it would not lead to death. Such practical medical matters, which go far beyond simple "on/off" considerations, must be taken into account. These detailed issues require not only technical knowledge of various manufacturers' ICDs and how to program them, but also knowledge of the patient's history of arrhythmia. It is also an advantage for the physician who deactivates the ICD to have known the patient for a GLOSSARY ICD Implantable cardioverter-defibrillator. These defibrillators have various treatment modes. For antibradycardia they operate as pacemakers and provide stimulation when heart rate falls below the programmed heart rate. For ventricular tachycardia or ventricular fibrillation, ICDs can provide antitachycardia treatment such as defibrillation (shock therapy) and ATP (antitachycardia pacing). Internal defibrillation is very noticeable to patients unless they are unconscious as a result of arrhythmia, but they do not usually feel ATP.
CRT
Cardiac resynchronization therapy, a pacemaker with both right ventricle and left ventricle stimulation. This treatment option is primarily used for patients with heart failure and a left bundle branch block and is therefore sometimes called a heart failure or biventricular pacemaker. The terms CRT-P (pacemaker) or CRT-D (defibrillator) are also used, depending on whether the device is a pacemaker alone or also has a defibrillator function.
NYHA
The New York Heart Association (NYHA) Functional Classification is the most widely used classification system for severity of cardiac weakness: long time. Guidelines require ICD deactivation to be arranged by qualified staff following adequate discussion with the patient and in consultation with the cardiologist or electrophysiologist treating the patient (6, 7) . When analyzing treatment aims, incorporating clinical ethical consultation can contribute to a decision that is medically rational, ethically justifiable, and acceptable to the social milieu (23, 24) . During this discussion, the physician is able to explain that ICD deactivation may be optimal treatment that protects a patient from shock therapy that is no longer medically beneficial. An ICD should not be deactivated by placing a magnet on it except as an absolute last resort (25) .
• Approximately 30% of patients with ICDs receive shock therapy while moribund. While this may be technically correct, there is no longer any medical indication for it.
• ICD shock therapy while a patient is moribund causes major stress for patients, their relatives, and nursing staff.
• A physician treating a patient fitted with an ICD should have an open discussion with the patient, well ahead of time, of the possibilities and limitations of ICD treatment.
• ICDs should preferably be deactivated by specialized staff.
• Close cooperation between cardiologists, geriatricians, palliative care physicians, and medical ethics professionals on a local/regional basis is desirable.
